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1.1. Synthesis of a norbenzomorphan library via a multicomponent
assembly process coupled with ring-closing reactions
The 7-methoxy-2-methylnorbenzomorphan ring structure (1)
was ﬁrst investigated in the 1960s as a way of identifying analge-
sics with greater efﬁcacy than benzomorphan (2) – a ring system
commonly found in morphine and other opiates. Some norben-
zomorphan analogues were discovered that indeed did possess
analgesic activity in mouse models. The low molecule weight of
this scaffold combined with proven pharmacological activity has
stimulated the investigation of combinatorial methods for the dis-
covery of novel biologically active compounds. A recent paper de-
scribed the synthesis of a library of 124 analogues using a novel
multicomponent assembly process followed by ring-closing reac-
tions and functionalisation.1
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The authors had previously described a method for diversity
oriented synthesis featuring a multicomponent assembly process
(MCAP) followed by various ring-forming reactions. In the MCAP
approach, three or more reactants are combined to give versatile
intermediates that can be cyclised in various ways to give diverse
ring systems. This approach was applied to generate the norben-
zomorphan framework.
The key intermediate chloro-norbenzomorphan system (5) was
constructed from the aldehyde (3), by sequential treatment with
allylamine, CbzCl and allylzinc bromide to give initially the inter-http://dx.doi.org/10.1016/j.comche.2012.10.001
E-mail: nterrett@ensembletx.commediate 4. This diene carbamate intermediate underwent facile
ring closure using Grubbs II catalyst, microwave irradiated intra-
molecular Heck cyclisation, and reduction under ionic conditions
to give multigram quantities of the chloro-norbenzomorphan 5.
CHO
Cl
Br
Cl
Br
CbzN
3 4
NCbz
Cl
5
The chloro-norbenzomorphan (5) was derivatised by palla-
dium-catalysed cross coupling to introduce amines or aryl groups.
Following deprotection of the Cbz-protected amine, this group
could be functionalised using a variety of different reagents to
incorporate aliphatic, acyl, thioacyl or sulphonyl groups in the ﬁnal
norbenzomorphan products (6).
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R = aryl, amino
X = alkyl,acyl,sulphonyl,etc.
In this fashion, 124 different analogues were generated and
advanced to biological screening. The assays included a range of
phenotypical and mechanistically-targeted assays, and results so
far indicate some interesting biological activities not normally
associated with the norbenzomorphan structural class. For
42 N.K. Terrett / Combinatorial Chemistry - An Online Journal 14 (2012) 41–43example, inhibitors have been discovered of both striatal-
enriched protein tyrosine phosphatase (STEP) and fatty acid
synthase (FAS). These are targets currently being investigated as
potential mechanisms for the treatment of Alzheimer’s Disease
and cancer respectively, thus indicating the potential value of this
structural class.2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
No papers this month.
2.2. Solution-phase synthesis
A series of new poly-functionalised dihydroquinoline deriva-
tives have been synthesised via three-component reactions of alde-
hydes and 1-arylethylidenemalononitriles in ethylene glycol using
NaOH as a base promoter under microwave irradiation. During
these reaction processes, the domino construction of dihydroquin-
oline skeleton with concomitant formation of two new cycles was
readily achieved in a one-pot operation and in an intermolecular
manner.2
An efﬁcient, one-pot, three-component procedure for the syn-
thesis of a small library of new chiral spirooxindolopyrrolizidines
has been reported. The reaction proceeds with high regio-, diaste-
reo-, and enantioselectivity, from the 1,3-dipolar cycloaddition of
azomethine ylides and optically active cinnamoyl oxazolidinone.
The process occurs at room temperature in aqueous ethanol and
in the absence of any Lewis acids.3
A library of novel 1-methyl-4-arylpyrrolo-(spiro[2.20]indan-10,
30-dione)-spiro[3.300]-100-methyl/benzyl-500-(arylmethylidene)piper
idin-400-ones and 1-methyl-4-arylpyrrolo-(spiro[2.110]-11H-inde-
no[1,2-b]quinoxaline)-spiro[3.300]-100-methyl/benzyl-500-(arylmeth-
ylidene) piperidin-400-ones have been synthesised. The compounds
were prepared via 1,3-dipolar azomethine ylide cycloaddition in
the ionic liquid, 1-butyl-3-methylimidazolium bromide
([BMIm]Br), and in excellent yields.4
Successful implementation of a sequential Pd-catalysed Sono-
gashira cross-coupling/iodine-promoted 5-exo-dig cyclisation pro-
cedure with pyridines bearing a terminal alkyne moiety has
provided direct and straightforward access to a diverse array of
3-acylated indolizines under mild conditions.52.3. Scaffolds and synthons for combinatorial libraries
The reaction of aromatic and heteroaromatic compounds with
molecular iodine in the presence of aqueous hydrogen peroxide
without any co-solvent at 50 C for 24 h produced versatile iodin-
ated organic molecules in very good yields. These building blocks
have potential application for library synthesis.62.4. Solid-phase supported reagents
Ligand-free solid-supported nano and microparticles of Pd(0)
(SS-Pd) have been used as a heterogeneous catalyst in carbon-
heteroatom bond formation reactions. Nitro-substituted aryl
halides reacted with oxygen, sulphur, and nitrogen nucleophiles
to afford the corresponding products in good yields. A one-pot
sequential cross coupling and nitro-reduction was also performed
using the same SS-Pd catalyst to access amine-substituted
carbon-heteroatomic molecules.72.5. Novel resins, linkers and techniques
A novel solid-phase strategy using a backbone amide linker
(BAL) attached to a polystyrene support for the synthesis of
C-terminal agmatine dipeptides has been reported. This method
eliminates the need to purify intermediates by column chromatog-
raphy and enables rapid assembly of an 18-member library of
C-terminal agmatine dipeptides which were subsequently
screened for inhibitory activity against a viral enzyme.8
2.6. Library applications
A library of N-substituted 4-azahexacyclo[5.4.1.02,6.03,10.05,
9.08,11]dodecan-3-ols (AHDs) has been synthesised and subjected
to competition binding assays at r1 and r2 receptors, as well as
off-target screening against 44 other common central nervous
system (CNS) receptors, transporters, and ion channels. 31 ligands
demonstrated nanomolar Ki values for either r receptor subtype.
Several selective r1 and r2 ligands were discovered, with selectiv-
ities of up to 29.6 times for r1 and 52.4 times for r2, as well as
several high afﬁnity, subtype non-selective ligands. The diversity
of structures and r1 afﬁnities of the ligands allowed the generation
of a r1 receptor pharmacophore that will enable the rational
design of increasingly selective and potent r1 ligands.9
A library of small molecule heparan sulfate (HS) mimetics has
been synthesised by employing the Ugi four-component condensa-
tion of d-mannopyranoside-derived isocyanides with formalde-
hyde as the carbonyl component and a selection of carboxylic
acids and amines, followed by sulphation. The library was used
to probe the subtle differences surrounding the ionic binding sites
of three HS-binding angiogenic growth factors (FGF-1, FGF-2 and
VEGF). Each compound features 3 or 4 sulpho groups which serve
to anchor the ligand to the HS-binding site of the protein, with a
diverse array of functionality in place extending from C-1 or C-6
to probe for adjacent favourable binding interactions.10
A new class of triarylmethyl amine compounds that can inhibit
apolipoprotein E (apoE) production have been identiﬁed, as atten-
uation of apoE production is generally considered to be of thera-
peutic value. The design, synthesis, and biological screening of a
small library of compounds that led to the identiﬁcation of four tri-
arylmethyl amines as potent inhibitors of apoE production in CCF-
STTG1 astrocytoma cells has been described.11
Tylophorine and many related phenanthropiperidine alkaloids
are extraordinarily potent anti-proliferative agents. Despite their
impressive anti-cancer activity, clinical development of these alka-
loids has been hampered by their poor solubility and neurological
side effects. A concise synthetic approach to N-substituted phenan-
thropiperidines, which has enabled a systematic investigation of
structure-activity relationships at an underexplored region of the
tylophorine scaffold has been reported.12References
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